Antimicrobial resistance (AMR) is becoming a global threat to public health. Antibiotic-resistant organisms kill millions of people each year and are expected to cost the world economy as much as \$100 trillion by 2050 if no proactive strategies are taken.[@ref1] Thus, the AMR problem requires global commitment and action plans, as declared by the World Health Organization (WHO) in the AMR global report on surveillance in 2014. The General Assembly of the United Nations held a high-level meeting on September 2016, where the global leaders discussed this issue, and they committed to fighting together against AMR.[@ref2] Antimicrobial stewardship programs are one fundamental strategy to combat AMR and are becoming mandatory requirements for hospital accreditation. The first step in these programs is to establish local antibiograms which are a summary of the susceptibility profiles of the tested bacterial pathogens generated in tables over a period of time. Antibiograms aid physicians to optimally select empiric antimicrobial therapy according to local susceptibility; moreover, it helps to monitor resistance trends over time.[@ref3]

Considering that King Fahad Medical City (KFMC) is a tertiary facility that deals with critical cases, knowledge of local susceptibility is essential to guide its physicians toward appropriate antimicrobial choices. Currently, the facility lacks organized local data that is readily available to clinicians. Our local AMR status is not yet well known, and the real magnitude of the problem is not yet determined.

We aimed to determine the trends of the antimicrobial susceptibility patterns (from January 2010 to December 2015), to compare it with local and international data. In addition, we aimed to perform a study that would serve as a baseline for further antimicrobial surveillance on a regular basis to assess the emergence of resistant organisms.

Our goal is to measure the susceptibility patterns of selected organisms such as *Staphylococcus aureus (S. aureus), Methicillin-resistant S. aureus* (MRSA), *Streptococcus pneumoniae (S. pneumoinae), Escherichia coli (E. coli), Pseudomonas aeruginosa (P. aeruginosa), Klebsiella pneumoniae (K. pneumoniae), and Acinetobacter baumannii (A. baumannii)*. Moreover, we sought to determine the trends in terms of the number of isolates of extended-spectrum beta-lactamase producers (ESBLs) and carbapenemase producers, with special attention to *S. pneumoinae, MRSA*, and ESBLs, because the noted changes in their susceptibility patterns might affect the choice of empirical antibiotics.

Methods {#sec1-2}
=======

King Fahad Medical City is a tertiary hospital in Riyadh, Saudi Arabia with 1000-bed capacity. It includes 4 hospitals (the main hospital, children's specialized hospital, women's specialized hospital, and rehabilitation hospital) and 4 specialized centers (the National Neurosciences Institute; Obesity, Endocrine & Metabolism Center; King Salman Heart Center; and Comprehensive Cancer Center). King Fahad Medical City receives referral cases from all over the kingdom. We performed a retrospective, descriptive review of KFMC antibiograms from all departments during the period of January 2010 up to December 2015. Ethical approval was obtained from the institutional review board at KFMC.

Blood, urine, cerebrospinal fluid, respiratory, and other specimens are routinely processed in the KFMC microbiology laboratory which is accredited by the College of American Pathologists (CAP). All positive specimens presented to the microbiology laboratory at KFMC between January 2010 and December 2015, except for isolates collected from MRSA surveillance or screening, were included in this study.

Microorganisms were identified to the species level using the Phoenix100 automated system, and then confirmed using the American Proficiency Institute (API) tests. Antimicrobial susceptibility testing was conducted using the automated system (Phoenix100) and confirmed by epsilometer test (E-test). Further confirmatory tests were performed for the multi-drug resistant organisms (MDRO) including Modified Hodge test for carbapenemase producer organisms, Cephalosporin/clavulanate combination disks for ESBLs and Vancomycin E-test for vancomycin-resistant enterococcus (VRE).

Testing and identification of the specimens were carried out according to the guidelines of the Clinical and Laboratory Standards Institute (CLSI) along with breakpoint interpretation of the tested antibiotics. Regular API validation tests were performed.

The details of the tested organisms were collected and quantitatively summarized as percentages, according to their susceptibility profiles to particular antibiotics to generate antibiograms. The data management was performed using Microsoft Excel 2010. Subsequently, the trend in susceptibility was calculated over a 5-year period using epi curves and bar graphs. Statistical analysis was carried out using Statistical Package for Social Science version 25.0 (IBM Corp., Armonk, NY, USA). P-values were calculated using chi-square analysis with significance level at 0.01.

Results {#sec1-3}
=======

Isolates {#sec2-1}
--------

A total of 51,491 isolates were collected over a 5-year period. Gram-negative isolates (76.2%, \[39,213\]) where far more common than gram-positive isolates (23.8%, \[12,278\]). Among the gram-negative isolates, *E. coli* was the most frequently detected pathogen (36.8%, \[14,450\]), followed by *P. aeruginosa* (24%, \[9,521\]) and *K. pneumonia* (18.8%, \[7,410\]). Other gram-negative isolates were convergent; *A. baumannii* (4.4%, \[1,726\]), *Proteus mirabilis* (4%, (1,629\]), *Enterobacter cloacae* (3.0%, \[1,267\]), and *Stenotrophomonas maltophilia* (2%, \[775\]), whereas *Serratia marcescens* (1.7%, \[655\]) was the least frequently detected organism. The remaining gram-negative isolates collectively constituted 4.6%, (1,780) (**[Figure 1](#F1){ref-type="fig"}**).
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Among gram-positive isolates, coagulase-negative *Staphylococci* (28.4%, \[3,491\]) and *S. aureus* (27.5%, \[3,382\]) were the most frequently detected, followed by MRSA (17.5%, \[2,139\]) and *Enterococcus* (15.8%, \[1,939\]). On the other hand, vancomycin-resistant *Enterococcus* (1.8%, \[225\]) and *S. pneumoniae* (2.6%, \[324\]) were the least detected isolates. Streptococcus species other than *S. pneumoniae* accounted for 6.3% (778), with *S. agalactiae* predominating (595 isolates) (**[Figure 2](#F2){ref-type="fig"}**).
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Among ESBLs, the total number of isolates of *E. coli, K. pneumoniae*, and Proteus mirabilis were 20.8%, (8,177), with the number gradually increasing over time (*p*\<0.001) (**[Figure 3](#F3){ref-type="fig"}**). *Klebsiella pneumoniae* carbapenemase-producer isolates constituted 0.28% (n=21), with the number of isolates gradually increasing over the study period (from one isolate in 2010 to 8 isolates in 2015).

![The Trend of the Extended-Spectrum Beta-Lactamase-producing isolates over the study period. *E. coli - Escherichia coli, K. pneumoniae - Klebsiella pneumoniae*](SaudiMedJ-40-252-g003){#F3}

Susceptibility patterns {#sec2-2}
-----------------------

Staphylococcus aureus methicillin susceptible (MSSA) was 100% susceptible to oxacillin, cefazolin, and vancomycin, whereas low resistance rates were observed for clindamycin (94%) and trimethoprim/sulfamethoxazole (TMP-SMX) (87%-90%). *Methicillin-resistant Staphylococcus aureus* -susceptibility rate gradually improved to clindamycin (52%-70%, *p*\<0.01), TMP-SMX (60%-68%, *p*=0.014), and erythromycin (52%-65%, *p*\<0.01) over the study period. (**[Figure 4](#F4){ref-type="fig"}**).
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The susceptibility of *S. pneumoniae* to penicillin gradually improved from 66%-100%, which is statistically significant (*p*\<0.001). The susceptibility of *S. pneumoniae* to ceftriaxone was 100% for 3 consecutive years (**[Figure 5](#F5){ref-type="fig"}**).
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*Escherichia coli* was 100% susceptible to meropenem, and its susceptibility to piperacillin-tazobactam and amikacin was excellent (90%-99%). Susceptibility to ciprofloxacin, ceftazidime, and cefepime gradually declined (ranged from 64% to 58%, *p*=0.01). *Pseudomonas aeruginosa* susceptibility for meropenem declined over the 5-year period from 82% to 72% (*p*\<0.001). Its susceptibility to piperacillin-tazobactam was almost static (83%--85%, *p*=0.10). Susceptibility to ceftazidime ranged from 68% to 76 %,(*p*\<0.01) and amikacin susceptibility remained the best all throughout the study period (89%-94%, *p*\<0.01). For *K. pneumoniae*, carbapenem and amikacin showed the higher susceptibility pattern; for example, 92%-100% and 92%-97% respectively. Susceptibility rate to piperacillin-tazobactam and ciprofloxacin remained static (72%-86%), and resistance rate to cephalosporin gradually increased. *Acinetobacter baumannii* susceptibility to colistin was high (97%-99%), whereas susceptibility to tigecycline gradually declined from 65% to 39% (*p*\<0.01). (**[Figure 6](#F6){ref-type="fig"}**).
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Discussion {#sec1-4}
==========

The global action plan to fight AMR adopted by the WHO sets several objectives and recommendations to enhance antibiotic surveillance and research, to strengthen knowledge and improve the awareness regarding AMR, to optimize the use of antimicrobial agents, and to decrease the rate of infections.[@ref2] Our study is in line with these recommendations. Gram-negative isolates predominated in our results, with *E. coli* being the most frequent isolate, followed by *P. aeruginosa* and *K. pneumoniae*. Our results were close to what was reported by Amer et al,[@ref4] who reported an increasing in resistance rate of gram negative isolates. Our data are in agreement with a review of 45 published articles addressing the AMR prevalence in the gulf corporation countries over 2 decades. *Escherichia coli, K. pneumoniae*, and *P. aeruginosa* were the most prevalent agents; however, MRSA rate was higher in our present study at 17.5% compared to 5.4% in theirs.[@ref5]

A recent survey conducted in a rehabilitation center showed similar results with regard to the most frequently detected organisms, but the susceptibility patterns varied. For example, in the previous study, Pseudomonas was most susceptible to ciprofloxacin and gentamicin, whereas in our study, amikacin and piperacillin-tazobactam had higher susceptibility rates.[@ref6] The noted reduction in ceftazidime and meropenem susceptibilities to gram-negative organisms, especially Pseudomonas, is likely because of selection pressure. On the other hand, piperacillin-tazobactam susceptibility remained static, and amikacin had the best susceptibility profile.

Isolates of vancomycin-resistant *Enterococcus*, carbapenemase-producing *K. pneumoniae*, and ESBLs tended to increase over the study period; this result is an alarming signal that strict policies for infection control transmission-based precautions and antimicrobial prescriptions need to be followed; moreover, these data need to be taken into consideration when selecting empirical treatment for critically ill patients.

*Streptococcus pneumoniae* is an important gram-positive organism that causes invasive diseases in children \<5 years of age with substantial morbidity and mortality. Before 1967, *S. pneumoinae* was almost uniformly susceptible to penicillin. The emergence of resistance gradually increased worldwide over time.[@ref7] Alteration in the serotype distribution along with the susceptibility patterns has been observed after the introduction of the pneumococcal conjugate vaccines, particularly, post the 7-valent in 2000 and 13-valent in 2010. PCV7 was incorporated into the national immunization program in Saudi Arabia in 2009 followed by PCV13 in 2013. In the results of the present study, there was a significant and steady increase in penicillin susceptibility, with an increase from 66% in 2010 to 100% in 2015. Moreover, *S. pneumoniae* was the second least detected gram-positive organism at only 2.6%.

In a national prospective surveillance performed in 12 hospitals from 7 different regions in Saudi Arabia between 2007 and 2009, 78% isolates were found to be multidrug resistant. Penicillin susceptibility was observed in only 30% isolates, yet all isolates were sensitive to ceftriaxone.[@ref8] In another study published in 2015, recruited data between 2005 and 2010 to assess the antibiotic resistance and serotype differences before and after PCV7 conjugate vaccine administration showed that 66% isolates were resistant to penicillin and 62% were resistant to erythromycin. It was noted that penicillin susceptibility was 54.6% immediately after switching to PCV13.[@ref9],[@ref10] Same findings were noted in a study conducted at Twam Hospital in the United Arab Emirates over an 8-year period from 2004 to 2011.[@ref11]

Unfortunately, there are no reports of recent surveillance data in Saudi Arabia to assess the antimicrobial susceptibility trends after PCV13 administration. However, a survey conducted in 4 Gulf and near East countries between 2011 and 2013 showed the penicillin susceptibility was variable, with \>85% overall susceptibility and 100% ceftriaxone susceptibility in all countries.[@ref12] A similar study conducted in Kuwait to evaluate the impact of PCV7 and PCV13 over a 10-year period documented a drop in penicillin resistance from 67% to 46%.[@ref13] A systemic review and meta-analysis study published in 2017 analyzed 68 studies and surveillance data from 2000 to 2015 to define the serotypes causing IPD after PCV vaccination. They found a reduction in IPD caused by vaccine serotypes, but nonvaccine serotypes predominated as the cause of IPD (replacement disease).[@ref14]

To examine the impact of PCV on antibiotic resistance, several studies have been conducted in different countries, and their results were encouraging.[@ref15]-[@ref17] One study was conducted to compare susceptibility between pre-vaccination and post-vaccination eras (in the 2007--2009 and 2010--2014 periods) for *S. pneumoniae* isolates from patients with otitis media. They showed significant improvement in penicillin susceptibility, from 37% in the pre-PCV13 vaccination period to 51% in the transitional period and to 100% in the post-PCV13 vaccination period. Ceftriaxone susceptibility also improved from 95% to 100%.[@ref15]

In line with these studies, our results showed improved penicillin susceptibility. This finding reflects the effect of the post-vaccination era, as it is highly documented that vaccination leads to a dramatic decrease in the nasopharyngeal carriage rate and IPD by vaccine serotypes in children, in addition to the development of herd immunity in adults.[@ref14] Moreover, these findings might lead to major changes in empirical antimicrobial selection when coverage of S. pneumoniae is needed. Physicians may reassess the needs for the previously used practice of broad-spectrum coverage to a narrower-spectrum antibiotic. This practice is noted in the recently published guideline for community-acquired pneumonia endorsed by the Saudi Pediatric Infectious Disease Society, when experts decided to choose ampicillin as initial therapy for treating uncomplicated pneumonia.[@ref18]

The exact prevalence of MRSA, either community-acquired (CA-MRSA) or hospital-acquired (HA-MRSA) infections, in Saudi Arabia is unknown despite extensive studies. In one review, it was estimated to be 35.6% with great variations among regions. Another study reported an MRSA rate of 23.2% among S. aureus carriers.[@ref19],[@ref20] However, it is estimated by the Center of Disease Control's report on MRSA tracking that 33% of people are typically colonized with Staphylococcus and 2 in 100 carry MRSA.[@ref21]

In our present data, *S. aureus* was the second most common gram-positive isolate (27.5%), among which 17.5% isolates were MRSA (defined as oxacillin resistant *S. aureus* (MIC \>4 in Mueller-Hinton agar). The calculated rate of MRSA among *S. aureus* was 39%. It is difficult to extrapolate the CA-MRSA rate based on antibiograms alone, because it is distinctively different from HA-MRSA both genetically and phenotypically. Infection control (IC) policies have a fundamental role in decreasing HA-MRSA rates, although the effectiveness of active surveillance in HA-MRSA prevention is still controversial.[@ref22]-[@ref24] A recent study documented that early identification of MRSA using rapid diagnostic technologies (PCR) along with timely implementation of infection control strategies have a great financial impact.[@ref25]

At KFMC, the IC department designed an MRSA-prevention program, which includes 2 components, preemptive screening of at-risk patients and implementation of strict transmission-based precautions for the tested positive patients. There was a reduction in HA-MRSA, from 0.17 case per 1000 to 0.03 case per 1000 between years 2007 to 2009.[@ref26] Wider surveillance is needed in the future to determine the rates of CA-MRSA and HA-MRSA, because it has a direct effect on the empirical therapy of skin and soft-tissue infections as well as osteoarticular infections.

The infection rates of ESBLs, such as *E. coli, K. pneumoniae*, and *P. mirabilis* are increasing. These infections are usually associated with longer hospital stays, increased costs, and worse outcomes if they are not anticipated early and treated, especially in neonates. Therefore, we aimed to assess their trends during the study period. The overall percentage of total ESBLs of the 3 most common isolates (*E. coli, K. pneumoniae*, and *P. mirabilis*) including bloodstream and urine infections, was estimated to be 20.8%, with a steadily increasing frequency over the years from 32% to 41% per year for *E. coli*.

In comparison, a systemic review and meta-analysis of bloodstream infections caused by ESBLs showed the overall percentage was 9%, with a 3% annual increase. The higher prevalence and mortality rates were observed in neonates. In Saudi Arabia, it was noted to range between 6% and 38.5% in different regions.[@ref27],[@ref28] The risk of increasing rates of ESBLs is significant and alarming; it needs to be considered in the empirical coverage of bloodstream and urinary tract infections, especially in critically ill patients.

In light of the above mentioned findings, particularly, with regard to *S. pneumoniae* susceptibility, lack of exact prevalence of certain organisms such as MRSA, and the rising trends of the MDRO, further research and multi-center surveillance studies are extremely needed to tackle the antimicrobial resistance.

Study limitations {#sec2-3}
-----------------

This is a single-center study. The inclusion of duplicate isolates might affect the specificity of the antibiograms. Although antibiograms are essential in monitoring the trends of resistance, they cannot track AMR during therapy.

In conclusion, antimicrobial surveillance is an important tool in assessing the AMR burden. Nationwide surveillance is urgently needed to provide policymakers with essential information to guide proper action plans. The exclusion of duplicate isolates will improve the specificity of antibiograms. Unit-specific antibiograms and incorporating patient's data are more beneficial in making informed decisions about optimal empirical treatment.

The observed improvement of *S. pneumoniae* susceptibility to penicillin is significant and supported by other findings in other studies; however, countrywide surveillance is warranted to assess the overall susceptibility patterns. These findings will affect the choice of empirical therapy in the future. On the contrary, the resistant gram-negative organisms are becoming a major threat that affects the quality of patient care and necessitates strict antimicrobial stewardship to track the resistance and optimize antibiotic usage.
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